**What was known?**

Psoriasis is associated with an increased risk of several co-morbidities, but the data on Parkinson\'s disease is less clear.

Introduction {#sec1-1}
============

Parkinson\'s disease (PD) is one of the most common neuro-degenerative disorders characterized by tremor, bradykinesia, rigidity and postural instability as well as several nonmotor features including dementia and depression.\[[@ref1]\] The estimated worldwide prevalence of PD is 0.3% in individuals over 40 years old.\[[@ref2][@ref3]\] The histopathological hallmark of PD is selective degeneration of dopaminergic neurons in the brain. The exact pathophysiology of the disease is largely unknown though oxidative stress and mitochondrial dysfunction are generally believed to play a critical role.\[[@ref4][@ref5]\] Therefore, chronic inflammatory state might increase the risk of PD. In fact, several epidemiologic studies have demonstrated an increased risk of dementia, another neuro-degenerative disorder, among patients with chronic autoimmune inflammatory diseases.\[[@ref6][@ref7][@ref8]\]

Psoriasis is a common immune-mediated skin disorder with an estimated prevalence of 2--4% in the adult population.\[[@ref9]\] Patients with psoriasis are well-known to have a high prevalence of comorbidities, especially metabolic syndrome and cardiovascular diseases.\[[@ref10][@ref11][@ref12]\] Chronic inflammation is believed to play a pivotal role for this increased risk as several studies have illustrated the unfavorable effect of oxidative stress and inflammatory cytokines on endothelial function, resulting in premature atherosclerosis.\[[@ref13][@ref14][@ref15]\]

In light of chronic inflammation, patients with psoriasis might also be at an increased risk of developing PD. Nevertheless, data on this association are limited. Thus, we conducted a systematic review and meta-analysis of observational studies to investigate if the risk of PD is increased in patients with psoriasis compared with nonpsoriasis participants.

Methods {#sec1-2}
=======

 {#sec2-1}

### Search strategy {#sec3-1}

Two investigators (Patompong Ungprasert and Narat Srivali) independently searched published articles indexed in MEDLINE and EMBASE database from inception to October 2015 using the search terms that comprised the terms for psoriasis and PD described in Supplementary Data. There was no language restriction. References of selected articles were also manually searched.

###### 

Click here for additional data file.

### Inclusion criteria {#sec3-2}

The eligibility criteria included the following: (1) Cohort study or case--control study comparing the risk of PD between subjects with and without psoriasis, (2) relative risk (RR), hazard ratio, incidence ratio (IR), odds ratio (OR) or standardized IR with 95% confidence intervals (CIs) or sufficient raw data to calculate these ratios were provided.

Study eligibility was independently determined by the two aforementioned investigators. The senior investigator (Wonngarm Kittanamongkolchai) served as the deciding vote for any different decisions. Newcastle--Ottawa quality assessment scale was used to assess the quality of the included studies.\[[@ref16]\] This scale assessed each study in three areas including (1) the recruitment of the subjects (2) the comparability between the two groups and (3) the ascertainment of the outcomes of interest and exposures of interest for cohort study and case--control study, respectively.

### Data extraction {#sec3-3}

A standardized data collection form was used to extract the following information: First author\'s last name, title of the study, year of publication, year of study, country where the study was conducted, study population, method used to identify cases and controls, number of subjects, average duration of follow-up (for cohort study), demographic data of subjects, confounders that were adjusted and adjusted effect estimates with 95% CI.

Patompong Ungprasert and Narat Srivali independently performed this data extraction. Any discrepancies were resolved by referring back to the original articles. If the necessary data were not provided in the article, the corresponding author of the article would be contacted.

### Statistical analysis {#sec3-4}

Data analysis was performed using Review Manager 5.3 software from the Cochrane Collaboration (London, United Kingdom). We pooled the point estimates from each study using the generic inverse variance method of DerSimonian and Laird.\[[@ref17]\] As the outcome of interest in this study was relatively uncommon, we used OR of case--control study as an estimate for RR to combine this data with RR of cohort study to increase the power and precision of our pooled estimates. We used a random-effect model rather than a fixed-effect model because of the high likelihood of between-study variance due to different populations and study designs. Cochran\'s Q test, which is complemented with the *I*^2^ statistic, was used to assess statistical heterogeneity. This *I*^2^ statistic quantifies the proportion of total variation across studies that is due to true heterogeneity rather than chance. A value of *I*^2^ of 0--25% represents insignificant heterogeneity, more than 25% but ≤50% low heterogeneity, more than 50% but ≤75% moderate heterogeneity, and more than 75% high heterogeneity.\[[@ref18]\] Funnel plot and Egger\'s linear regression were used for evaluation of publication bias using Comprehensive Meta-Analysis version 2.2 software (Englewood, New Jersey, USA).

Results {#sec1-3}
=======

Our search strategy yielded 202 potentially relevant articles (183 articles from EMBASE and 19 articles from MEDLINE). After exclusion of 18 duplicated articles, 184 articles underwent title and abstract review. One hundred and sixty four articles were excluded at this stage since they were case reports, review articles, correspondences or interventional studies, leaving 20 articles for full-length article review. Sixteen of these articles were excluded after the full-length review as they did not report the exposure or outcome of interest, leaving three retrospective cohort studies and 1 case--control study for the meta-analysis.\[[@ref19][@ref20][@ref21][@ref22]\] [Figure 1](#F1){ref-type="fig"} outlines the search and literature review process. The clinical characteristics and quality assessment of the included studies are described in [Table 1](#T1){ref-type="table"}. The inter-rater agreement for the quality assessment was high with the kappa statistics of 0.64.

![Search methodology and literature review process](IJD-61-152-g001){#F1}

###### 

Clinical characteristics and quality assessment of the included studies

![](IJD-61-152-g002)

All studies did reveal an increased risk of PD among patients with psoriasis even though the increased risk did not always reach statistical significance. The pooled analysis of all studies demonstrated a significantly increased risk of PD in patients with psoriasis with the pooled risk ratio of 1.38 (95% CI, 1.15--1.66). The statistical heterogeneity was low with an *I*^2^ of 35%. The forest plot of the full analysis is shown in [Figure 2](#F2){ref-type="fig"}.

![Forest plot of this meta-analysis](IJD-61-152-g003){#F2}

To confirm the robustness of our results, we performed jackknife sensitivity analysis by excluding one study at a time from the pooled analysis. The pooled risk ratios from this sensitivity analysis changed slightly, ranging from 1.25 to 1.47 with the lower bounds of the corresponding CIs remained above 1.0.

 {#sec2-2}

### Evaluation for publication bias {#sec3-5}

Funnel plot to evaluate publication bias is demonstrated in [Figure 3](#F3){ref-type="fig"}. The graph is symmetric and, therefore, is not suggestive of publication bias. Furthermore, there was no evidence of publication bias detected by Egger\'s regression test (*P* = 0.72).

![Funnel plot of this meta-analysis](IJD-61-152-g004){#F3}

Discussion {#sec1-4}
==========

This meta-analysis is the first study that comprehensively combined all available data on the risk of PD among patients with psoriasis. We were able to demonstrate a significantly elevated risk with 38% excess risk compared with subjects without psoriasis.

Why patients with psoriasis have a higher risk of PD remains unclear and therefore, further studies are required. There are few possible explanations.

First, this association might be just the result of confounding by obesity as obesity is associated with both psoriasis and PD. High body mass index has been shown to increase the risk of PD in a dose-dependent manner in a recent epidemiologic study\[[@ref23]\] while the relationship between obesity and psoriasis has been recognized for over a decade.\[[@ref24]\] A systematic review and meta-analysis of observational studies published between 1980 and 2012 showed the pooled OR for obesity for patients with psoriasis compared with subjects without psoriasis of 1.66.\[[@ref25]\] Moreover, the odds for obesity were more prominent in patients with severe psoriasis than those with mild psoriasis. It is hypothesized that the cytokines and bioactive products such as tumor necrosis factor-alpha, interleukin-6, leptin and resistin produced by adipose tissue could predispose patients to psoriasis.\[[@ref26]\]

The second explanation is related to chronic inflammation that is seen in patients with psoriasis. As previously mentioned, chronic peripheral inflammation could have an essential role in the development of neuro-degenerative diseases. It has been demonstrated that peripheral inflammation can induce microglial activation, resulting in liberation of free radical/reactive oxygen species and, ultimately, neuronal damages.\[[@ref21][@ref27][@ref28]\] The microglial-mediated neurotoxicity is of particular importance for the development of PD as substantia nigra pars compacta, the principal pathological region of PD, has the highest density of microglial cells compared with other parts of the brain.\[[@ref29]\] In fact, animal models and postmortem studies of patients with PD consistently demonstrated robust microglial activation in the substantia nigra.\[[@ref21][@ref30]\]

More interestingly, frequent use of nonsteroidal anti-inflammatory drugs, particularly ibuprofen, is associated with a lower risk of developing PD which could serve as an indirect evidence to support the role of chronic inflammation in the pathogenesis of this disease.\[[@ref31]\]

The major strength of this study is the advantage of systemic review and meta-analysis that allows a comprehensive estimation of the risk. The results were robust as demonstrated by the sensitivity analysis. The major limitation is related to the methodology of the primary studies as those studies were conducted using coding-based medical registry which would raise a concern over misclassification and coding incompleteness. Moreover, because of the observational nature of the primary studies, this meta-analysis could only demonstrate an association but could not establish causality.

Conclusion {#sec1-5}
==========

Our meta-analysis demonstrated a significantly increased risk of PD among patients with psoriasis. How this risk should be addressed in clinical practice needs further investigations.
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**What is new?**

Patients with psoriasis are at a higher risk of Parkinson\'s disease with 38% excess risk compared with subjects without psoriasis.
